A specific Lemaître-Tolman model of a spherically symmetric non-rotating white hole model with a few adjustable parameters is investigated to calculate the momentum four-vector distribution (due to matter plus fields including gravity) in the teleparallel gravity. The energy-momentum distributions (due to matter and fields including gravity) of a model are found to be zero. The result that the total energy and momentum components of a white hole model of the big bang are zero supports the viewpoints of Albrow and Tryon. It is also independent of the teleparallel dimensionless coupling constant, which means that it is valid in any teleparallel model. The results we obtained support the viewpoint of Lessner that the Møller energy-momentum formulation is a powerful concept to calculate energy and momentum distributions associated with the universe, and sustains the importance of the energy-momentum definitions in the evaluation of the energy-momentum distribution of a given space-time. Furthermore, the results obtained here are also agree with those calculated in literature by CooperstockIsraelit, Rosen, Johri et al., Banerjee-Sen, Vargas and Saltı et al..
The problem of calculating energy, momentum and angular momentum distributions has been a subject of many research activities dating back to the very onset of the theory of general relativity but it still remains an open question. The attempts aimed at finding a more suitable quantity for describing distribution of energy, momentum and/or angular momentum due to matter, non-gravitational and gravitational fields resulted in numerous energy-momentum prescriptions, notably those proposed by Einstein, Landau-Lifshitz, Møller, Weinberg, Papapetrou, BergmannThomson, Tolman and Qadir-Sharif [2, 3, 4, 5, 6, 7, 8, 9] . The physical meaning of these non-tensorial (under general coordinate transformations) complexes have been questioned by some researchers [10, 11] . Except for the Møller definition these formulations only give meaningful results if the calculations are performed in Cartesian coordinates. Møller proposed a new expression for energy-momentum complex which could be utilized to any coordinate system. Next, Lessner [12] argued that the Møller prescription is a powerful concept for energy-momentum in general relativity. This approach was abandoned for a long time due to severe criticism for a number of reasons [10, 13] . Virbhadra and collaborators revived the interest in this approach [14] and since then numerous works on evaluating the energy and momentum distributions of several gravitational backgrounds have been completed [15] . Later attempts to deal with this problematic issue were made by proposers of quasi-local approach. The determination as well as the computation of the quasi-local energy and quasi-local angular momentum of a (2+1)-dimensional gravitational background were first presented by Brown, Creighton and Mann [16] . A large number of attempts since then have been performed to give new definitions of quasi-local energy in Einstein's theory of general relativity [17] . Furthermore, according to the Cooperstock hypothesis [18] , the energy is confined to the region of non-vanishing energy-momentum tensor of matter and all non-gravitational fields.
The energy-momentum localization problem has also been considered in teleparallel gravity [19] . Møller showed that a tetrad description of a gravitational field equation allows a more satisfactory treatment of the energy-momentum complex than does general relativity. Therefore, we have also applied the super-potential method by Mikhail et. al. [20] to calculate the energy of the central gravitating body. In Gen. Relat. Gravit. 36, 1255 (2004) ; Vargas, using the definitions of Einstein and Landau-Lifshitz in teleparallel gravity, found that the total energy is zero in FriedmannRobertson-Walker space-times. There are also several papers on the energy-momentum problem in teleparallel gravity. The authors obtained the same energy-momentum for different formulations in teleparallel gravity [21, 22, 23, 24] .
In his new paper, Vagenas hypothesized [25] that there is a connection between the coefficients of the expression for the energy (when the energy-momentum complex of Einstein is employed) of the form
and those of the expression for the energy (when the energy-momentum complex of Møller is employed) of the form
The relation that materializes this connection between the aforementioned coefficients is given by
Considerable efforts have also been performed in constructing super-energy tensors [26] . Motivated by the works of Bel [27] and independently of Robinson [28] , many investigations have been carried out in this field [29] .
In the next section, we introduce the Lemaître-Tolman model. In section 3, we calculate energy-momentum both in general relativity and the tetrad theory of gravity using Møller's formulations. Finally, section 4 is devoted to conclusions.
Notations and conventions: We use the Greek alphabet (µ, ν, α ...=0,1,2,3) to denote indices related to space-time and to represent the vector components, and the Latin alphabet (i, j, k ...=1,2,3) to denote indices number the vectors. Throughout this paper, c = h = 1 convention and metric signature (−, +, +, +) will be used. 
Here, dΩ 2 = dθ 2 + sin 2 θdϕ 2 , and E(r) is an arbitrary function which can be loosely interpreted as total energy per unit mass of the dust shell as r. The area and circumference of the mass shell at r are that of a sphere of radius R(t, r) but the actual distance to the center of symmetry may be more or less that, depending on whether E(r) is positive or negative. The radial parameter r can be re-scaled using any monotonic function without changing the form of the line-element.
R(t, r) must satisfy the equation,
where M(r) is another arbitrary function which can be interpreted as κ times the total dust mass within the sphere out to r. The form of this equation is identical to the energy equation for a test particle traveling radially out from a sphere of mass
. It will escape if E ≥ 0 or collapse back if E < 0. The mater density is given by,
For an exploding white hole out of which all matter will eventually escape, E(r) is positive everywhere and the solution is given by
here, cych(x) is the hyperbolic cycloid function defined by
cych(x) = 3 9 4 x 2 3 + 3 10
t 0 (r) is an arbitrary function describing the location of the initial singularity, and is known as the bang time. At a large time, this solution describes a dust sphere with shells expanding at velocity,
For the line element (4), g µν and g µν are defined by
,r (t, r)δ
Energy-Momentum in Teleparallel Gravity
In the context of teleparallel gravity, curvature and torsion are able to provide equivalent descriptions of the gravitational interactions. According to general relativity, curvature is used to geometrize space-time, and in this way successfully describe the gravitational interaction. Teleparallelism, on the other hand, attributes gravitation to torsion, but in this case torsion accounts to gravitation not only by geometrizing the interaction, but also by acting as a force. This means that, in the teleparallel equivalent of general relativity, there are no geodesics, but force equations quite analogous to the Lorentz force equation of the electrodynamics [30] . Thus we can say that the gravitational interaction can be described alternatively in terms of curvature, as is usually done in general relativity, or in terms of torsion, in which case we have the so called teleparallel gravity. Whether gravitation requires a curved or a torsioned space-time, therefore, turns out to be a matter of convention.
Teleparallel theories of gravity, whose basic entities are tetrad fields h aµ (a and µ are SO(3,1) and spacetime indices, respectively) have been considered long time ago by Møller [31] in connection with attempts to define the energy of the gravitational field. Teleparallel theories of gravity are defined on Weitzenböck space-time [32] , which is endowed with the affine connection Γ λ µν = h aλ ∂ µ h aν and where the curvature tensor, constructed out of this connection, vanishes identically. This connection defines a space-time with an absolute parallelism or teleparallelism of vector fields [33] . In this geometrical framework, the gravitational effects are due to the space-time torsion corresponding to the above mentioned connection.
As remarked by Hehl [34] , by considering Einstein's general relativity as the best available alternative theory of gravity, its teleparallel equivalent is the next best one. Therefore it is interesting to study of the space-time structure as described by the teleparallel gravity.
Møller constructed a gravitational theory based on this space-time. In this gravitation theory the field variables are the 16 tetrad components h µ i , from which the metric tensor is defined by
We assume an imaginary value for the vector h µ 0 in order to have a Lorentz signature. We note that, associated with any tetrad field h µ i there is a metric field defined uniquely by equation (14), while a given metric g αβ doesn't determine the tetrad field completely; for any local Lorentz transformation of the tetrads h µ i leads to a new set of tetrads which also satisfy equation (14) . The Lagrangian L is invariant and constructed from ξ αβµ and g αβ , where ξ αβµ is the con-torsion tensor given by
where the semicolon denotes covariant differentiation with respect to Christoffel symbols. The most general Lagrangian density which is invariant under the parity operation is given by the following form
Where g = det(g αβ ), and Φ ρ is the basic vector field defined by
Here m 1 , m 2 and m 3 are constants determined by Møller such that the theory coincides with Einstein's theory of general relativity in the weak fields,
where κ is the Einstein constant, and λ is free dimensionless parameter. The same choice of the parameters was also obtained by Hayashi and Nakano [35] .
Møller applied the action principle to the Lagrangian density given by equation (16) and obtained the field equation in the form
where G αβ is the Einstein tensor and defined by
Here, H αβ and F αβ are given by
and they are symmetric and skew symmetric tensors, respectively. Møller assumed that the energy and momentum tensor of matter fields is symmetric. In the Hayashi-Nakano theory, however, the energy and momentum tensor of spin- 1 2 fundamental particles has a non-vanishing anti-symmetric part arising from the effects due to the intrinsic spin, and the right-hand side of equation (20) doesn't vanish when we take into account the possible effects of intrinsic spin.
It can be shown [36] that the tensors, H αβ and F αβ , consist of only those terms which are linear or quadratic in the axial-vector part of the torsion tensor, ζ ρ , given by
where ǫ ρµνλ is given by following definition
where δ ρµνλ being completely anti-symmetric and normalized as δ 0123 = −1. Therefore, both H αβ and F αβ vanish if the ζ ρ is vanishing. In other words, when ζ ρ is found to vanish from the anti-symmetric part of the field equations (20) and symmetric part of (19) 
where P 
The energy-momentum density is defined by [37] 
where comma denotes ordinary differentiation. The energy E and momentum components P i are expressed by the volume integral [37] 
Here, the index i takes the value from 1 to 3. The angular momentum of a general relativistic system is given by [37] 
where i, j and k take cyclic values 1, 2 and 3. We are interested in determining the total energy and momentum components. The general form of the tetrad, h µ i , having spherical symmetry was given by Robertson [38] . In the Cartesian form it can be written as
where W, K, Z, H, S, and G are functions of t and r = √ x a x a , and the zeroth vector h µ 0 has the factor i 2 = −1 to preserve Lorentz signature. We impose the boundary condition that in the case of r → ∞ the tetrad given above approaches the tetrad of Minkowski space-time, h 
where {X µ } and X ν ′ are, respectively, the isotropic and Schwarzschild coordinates (t, r, θ, φ). In the spherical, static and isotropic coordinate system X 1 = r sin θ cos φ, X 2 = r sin θ sin φ, X 3 = r cos θ. We obtain the tetrad components of h µ a as
where i 2 = −1. Here, we have introduced the following notation: sθ = sin θ, cθ = cos θ, sφ = sin φ and cφ = cos φ. Now, we are interested in finding the total energy distribution. Since the intermediary mathematical exposition are lengthy, we give only the final result. After making the required calculations [39, 40] , the component of Σ 
while the momentum density distributions take the form
Hence, we find the following energy
Here, T P means Teleparallel Gravity, and one can easily see that the momentum components are − → P T P (t, r, θ, ϕ) = 0. (41) It is evident that the teleparallel gravitational results are independent of teleparallel dimensionless coupling parameter λ which means that these results are valid not only in teleparallel equivalent of general relativity but also in any teleparallel model.
Energy-Momentum in General Relativity
The aim of this section is to evaluate energy distribution associated with the white hole model of the big bang by using Møller's formulation in general relativity. In general relativity, Møller's energy-momentum complex is given by [4 ]
satisfying the local conservation laws:
where the antisymmetric super-potential χ να µ is
The locally conserved energy-momentum complex Ω ν µ contains contributions from the matter, non-gravitational and gravitational fields. Ω 0 0 is the energy density, and Ω 0 a are the momentum density components. The momentum four-vector definition of Møller is given by
Using Gauss's theorem, this definition transforms into
where µ a (where a = 1, 2, 3) is the outward unit normal vector over the infinitesimal surface element dS. P i give momentum components P 1 , P 2 , P 3 and P 0 gives the energy. The component of the super-potential of Møller, for the general line-element defines the spherically symmetric black holes, is
Therefore, if we substitute these results into equations (45) and (46), we get the total energy that is contained in a sphere of radius r
which are also the energy (mass) of the gravitational field that a neutral particle experiences at a finite distance r, and here GR means General Relativity. Additionally, we can find the momentum components which are given by − → P GR (t, r, θ, ϕ) = 0.
It is evident that the energy-momentum distributions for a given model in the formulations of Møller agree with each other.
Summary and Conclusions
The notion of energy-momentum localization in the general theory of relativity and teleparallel gravity has been very exciting and interesting; however, it has been associated with some debate. Recently, some researchers are interested in studying the energy content of the universe in various models. The localization of gravitational energy-momentum still remains one of the distinguished problems and this subject continues to be one of the most active areas of research in both general relativity and teleparallel gravity (the tetrad theory of gravity). Many attempts have been performed to obtain local or quasi-local energy-momentum. However, there is no generally accepted definition. The fundamental difficulty with these definitions is that they are coordinate dependent. Therefore, if the calculations are carried out in "Cartesian" coordinates, these complexes can give a reasonable and meaningful result. Several researchers supposed that energy-momentum complexes weren't well-defined measures because of variety of such ones. Recently, however, the subject of the energy-momentum definition has been re-opened by Virbhadra and his colleagues.
The Møller energy-momentum prescription does not necessitate carrying out calculation in "Cartesian" coordinates, while the others do. Therefore, we can calculate the energy density in any coordinate system. Lessner argued that the Møller prescription is a powerful concept of energy-momentum in general relativity. Teleparallel version of this complex was obtained by Mikhail et al, and Vargas, using the Einstein and LandauLifshitz complexes in teleparallel gravity, calculated the energy-momentum density of the Friedman-Robertson-Walker space-time.
In literature, Cooperstock hypothesized that the energy is confined to the region of non-vanishing energy-momentum tensor of matter and all non-gravitational fields, and Vagenas showed that there is a connection between the coefficients of the expression for the energy in the Møller and the Einstein complex.
Albrow [41] and Tryon [42] suggested that in our universe, all conserved quantities have to vanish. Tryon's big bang model predicted a homogenous, isotropic and closed universe including of matter and anti-matter equally. They argue that any closed universe has zero energy. The subject of the energy-momentum distributions of the closed universes was opened by an interesting work of Cooperstock and Israelit [43] . They found the zero value energy for a closed homogenous isotropic universe described by a Friedmann-Robertson-Walker metric in the context of general relativity. After this interesting result some general relativists studied the same problem, for instance, Rosen [44] , Johri et al. [45] , Banerjee-Sen [46] , Vargas [19] and Saltı et al. [23] . Johri et al., using the Landau-Liftshitz's energy-momentum complex, found that the total energy of a Friedmann-Robertson-Walker spatially closed universe is zero at all times. Banerjee and Sen who investigated the problem of the total energy of the Bianchi-I type spacetimes using the Einstein complex In this study, we have calculated the energy and momentum components (due to matter plus fields including gravity) associated with a white hole model of the big bang in general relativity by using Møller energy-momentum formulation and also in Møller's tetrad theory of gravity (the teleparallel geometry). We find that E T P (t, r, θ, ϕ) = E GR (t, r, θ, ϕ) = 0,
− → P T P (t, r, θ, ϕ) = − → P GR (t, r, θ, ϕ) = 0.
Our results show that the Møller energy-momentum formulation in general relativity and its teleparallel gravitational analog agree with each other, and the momentum components are equal to zero in both of the formulations. Next, the teleparallel gravitational energy is also independent of the teleparallel dimensionless coupling parameter, which means that it is valid in any teleparallel model. Furthermore, this paper sustains (a) the importance of the energy-momentum definitions in the evaluation of the energy distribution of a given space-time, (b) the viewpoint of Lessner that the Møller energy-momentum complex is a powerful concept of energy and momentum, (c) the hypothesis by Cooperstock that the energy is confined to the region of non-vanishing energy-momentum tensor of matter and all non-gravitational fields. Moreover, the results that the total energy and momentum of a white hole model of the big bang are zero supports the viewpoints of Albrow and Tyron. Furthermore, the results obtained here are also agree with those calculated in literature by CooperstockIsraelit, Rosen, Johri et al., Banerjee-Sen, Vargas and Saltı et al..
